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'q abstract 

^ We have observed evidence for p-mode oscillations in the GO IV star r] Boo {V = 

cn 2.68). This represents the first clear evidence of solar-like oscillations in a star other 
than the Sun. We used a new technique which measures fiuctuations in the temperature 

^ of the star via their effect on the equivalent widths of the Balmer lines. The observations 

Q were obtained over six nights with the 2.5 m Nordic Optical Telescope on La Palma and 

^-H consist of 12684 low-dispersion spectra. In the power spectrum of the equivalent-width 

.^. measurements, we find an excess of power at frequencies around 850 /iHz (period 20 

Qs^ minutes) which consists of a regular series of peaks with a spacing of Au = 40.3 /iHz. 

^ We identify thirteen oscillation modes, with frequency separations in agreement with 

Qh theoretical expectations. Similar observations of the daytime sky show the five-minute 

Q solar oscillations at the expected frequencies. 
ti 
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1. INTRODUCTION 

The remarkable success of helioseismology in prob- 
ing the interior of the Sun has motivated many at- 
tempts to detect analogues of the solar five-minute os- 
cillations in other stars. The measurement of oscilla- 
tion frequencies would place important constraints on 
stellar model parameters and provide a strong test of 
evolutionary theory. However, despite several claims 
in the literature, it is fair to say that there has been 
no unambiguous detection of solar-like oscillations in 
any star except the Sun. 

The difficulty with observing stellar oscillations lies 
in their very small amplitudes. Most previous at- 
tempts have used high-resolution spectroscopy to look 
for periodic Doppler shifts in spectral features (Gelly 
et al. 1986; Brown & Gilliland 1990; Innis et al. 1991; 
Brown et al. 1991; Pottasch et al. 1992; Edmonds 
1993). A second method is differential CCD photom- 
etry, which measures fiuctuations in the integrated 
stellar luminosity (Gilliland et al. 1993). 

The observations reported here use a new tech- 
nique which, like differential CCD photometry, ex- 
ploits the fact that stellar oscillations are acoustic 
waves and hence affect the temperature of the star. 
We measure these temperature fiuctuations, not via 
changes in the stellar luminosity, but rather through 
their effect on the equivalent widths of the Balmer 
lines. 

The equivalent- width method is complementary to 
differential photometry, since the latter is applied to 
stellar clusters while the new method is used to ob- 
serve isolated bright stars. However, unlike photome- 
try, the measurement of equivalent widths is insensi- 
tive to atmospheric scintillation, because one is mea- 
suring the strength of a line relative to that of the 
continuum. Indeed, from several hours of test obser- 
vations of a Cen taken with the ESO New Technology 
Telescope in July 1993, we have established that mea- 
suring the equivalent widths of broad absorption lines 
is limited only by photon noise. Furthermore, unlike 
the case of radial velocity measurements, moderate 
spectral resolution is sufficient. This allows a sub- 
stantial improvement in signal-to-noise and removes 
the requirement for extreme instrumental stability. 

2. METHOD 

The Balmer series arises from transitions from the 
second to higher levels, which means that a hydro- 



gen atom must first be excited before it can absorb a 
Balmer-line photon. Therefore, the equivalent width 
W depends on the number of hydrogen atoms in the 
second level, which increases rapidly with tempera- 
ture. The slope of this relation, as determined from 
model atmosphere calculations, is d log W/ d log T ~ 6 
(Kurucz 1979; Gray 1992). This is valid for the H/3, 
H7 and H(5 lines in G and F-type stars, and gives 



5W/W ~ 6 5T/T. 



fl) 



What value of SW/W can we expect to observe 
from stellar oscillations? The question of oscilla- 
tion amplitudes has recently been addressed in de- 
tail by Kjeldsen & Bedding (1995; hereafter KB). 
In the Sun, the amplitudes of individual oscillation 
modes can vary considerably over timescales of several 
days. However, different modes vary independently 
and the maximum amplitude, taken over all modes, 
stays roughly constant. When the solar oscillations 
are measured in bolometric luminosity, this ampli- 
tude is {SL/L)boi = 4.1 ppm (parts-per-million; see 
KB and references therein) . This luminosity variation 
is due almost entirely to changes in temperature (the 
change in radius is negligible). Therefore, given that 
L ex E?T'^, we can write {SL/L)}^oi = AST/T. From 
this we deduce that the oscillations in the Sun pro- 
duce temperature fiuctuations of about 1 ppm (6 milli- 
Kelvin). Equation 1 then implies an amplitude in 
Balmer-line equivalent width of 6 ppm. 

Theoretical models predict that subgiants should 
have somewhat larger oscillation amplitudes than 
the Sun (Christensen-Dalsgaard & Frandsen 1983; 
Houdek et al. 1994). For this reason we have cho- 
sen to observe the star rj Boo, which is the brightest 
G-type subgiant in the sky (GO IV, V = 2.68). 

3. OBSERVATIONS AND REDUCTIONS 

The observations of rj Boo were made over six 
nights (22-28 April 1994) using the 2.5 m Nordic Op- 
tical Telescope on La Palma. The data consist of 
12684 grism spectra of the region 380-500 nm, at a 
dispersion of 0.2 nm per pixel. They were obtained 
using the Low Dispersion Spectrograph (secondary 
channel) and a 512 Tektronix CCD, with exposure 
times of 5 s and a dead time between exposures of 9 s. 
During the daylight hours we obtained spectra of the 
Sun by observing scattered light from the sky, with 
the aim of detecting the solar oscillations and con- 
firming the validity of the equivalent- width method. 
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Fig. 1. — Power spectrum of equivalent width measurements for rj Boo. The inset shows the window function. 



Processing of each spectrum consisted of the fol- 
lowing steps: basic CCD calibration, including cor- 
rection for nonlinearities at high intensity; extrac- 
tion of a one-dimensional spectrum; and determina- 
tion of the equivalent widths of the H/3, H7 and US 
lines by fitting their profiles. The resulting time se- 
ries was decorrelated against external parameters to 
improve the estimates of equivalent-width measure- 
ments (Brown et al. 1991; Gilliland et al. 1993). The 
most important parameters for this procedure turned 
out to be the shape of the line, the structure of the 
continuum, the total intensity and the seeing. This 
decorrelation process reduced the rms scatter in the 
time series by a factor of 1.9. For the H/3 data, which 
has the highest photon fiux and the lowest noise, the 
rms of the final time series was 1030 ppm. 

Finally, a discrete Fourier transform was used to 
calculate the power spectrum (PS), with each data 
point weighted according to the local rms scatter. 
This is shown in Figure 1. Note that the data have 
been high-pass filtered, which was necessary to carry 
out the decorrelation process referred to above. The 
filtering was performed by convolving the time series 
with a box-like function having FWHM 2200 s and 
subtracting this smoothed time series from the orig- 
inal. This filter, whose transfer function is shown 
in Figure 2, has little effect at frequencies above 
-700 //Hz. 

In Figure 1 there is a clear hump of excess power 
centred at 850 //Hz, which we propose is due to oscil- 
lations in rj Boo. The corresponding period (20min) 
is longer than for the Sun, which is expected for a 



star with a lower density and surface gravity (Brown 
1991). 

The background noise level in the rest of the PS 
is well fitted by a two-component model (KB): (i) 
white noise with an amplitude of 12.8 ppm and (ii) 
1// noise with an amplitude at 850 //Hz of 7.9 ppm. 
The contribution of photon noise is 12.2 ppm, indi- 
cating that the white-noise component comes almost 
entirely from photon statistics. The total number of 
photons collected from all three Balmer lines over the 
six nights was about 10"'^'^ photons A""'^. The window 
function of the data, which is the PS of the sampling 
function, is shown in the inset. The daily gaps in the 
observations produce strong sidelobes at splittings of 
±l/day = 11.57//HZ. 



1.0 



O.f 



I 0.6 



0.4 



0.2 



0.0 



200 



400 600 

Frequency (/j,Hz) 



800 



1000 



Fig. 2. — Transfer function of the high-pass filter ap- 
plied to the rj Boo time series. 



4. DISCUSSION 

4-.1. Search for a Comb-Uke Pattern 

Confirmation of solar-like oscillations requires that 
we identify a series of peaks in the power spectrum 
similar to those seen for the Sun. For the solar oscilla- 
tions, the strongest peaks are approximately equally 
spaced, corresponding alternately to modes with an- 
gular degrees / = and / = 1. It is conventional to 
define the large separation Ai^ as the frequency dif- 
ference between modes that have the same value of / 
and differ by one in radial order n. With this defini- 
tion, the strongest peaks in the solar PS are spaced 
at intervals of 2^i^- 

One technique commonly used to search for period- 
icity in a PS is to calculate the power spectrum of the 
power spectrum (PScgiPS). In the case of single-site 
observations, however, interpretation of the PScgiPS is 
severely hampered by the daily gaps in the time series. 
For rj Boo, the PScgiPS for the frequency range 750- 
950 //Hz shows evidence for periodicity at a frequency 
splitting of 40.3//IIz. Simulations using an artificial 
oscillation signal plus noise indicate that the observed 
PScgiPS is consistent with what is expected from gen- 
uine oscillations, although interpretation is difficult 
because of the gaps in the time series. To overcome 
this problem, we have developed a new method of 
searching for regularity in the PS. 

We calculate a function, which we call the comb 
response (CR), as follows. Let i^max be the frequency 
of the strongest peak in the PS, which we tentatively 
identify as an oscillation mode. For the rj Boo data, 
jy^jjj, = 854 //Hz. Then, for each trial value of Ai^, we 
calculate the product 

CR{Aiy) = PS{iym.. - ^Aiy) PS{iym.. + ^Aiy) 



[PSil^n 
PS{iym; 



Aiy) PS(v, 
- |A^) PS 
2Av) PS{v, 



Av) 



^Av) PS{y^^^ + ^Av) 



■2Av)]'- 



(2) 



A peak in the CR at a particular value of Ai^ indicates 
the presence of a regular series of peaks in the PS, 
centred at i^max and having a spacing of 2^^- 

A few comments about this choice of functional 
form are in order. It differs from a correlation func- 
tion in that we take the product of the individual 
terms, rather than their sum. This means the CR 
is less likely to register a spurious response based on 
only a few strong peaks; if any peaks are missing, the 



CR will be reduced. We expect that a solar-like se- 
ries of peaks should be modulated in amplitude by 
a broad envelope, and this is recognized by taking 
the square root of power at the outermost four fre- 
quencies. The function given above turned out to be 
good at correctly locating the regularity in simulated 
power spectra that contain artificial signal plus noise. 
An important advantage of the comb response over 
PScgiPS is that the confusing effects of the window 
function are avoided. In the comb response, regular- 
ity in the PS appears quite naturally as a single strong 
peak. 

Since the spacings between oscillation frequencies 
in the Sun are not exactly regular, and we expect a 
similar effect for rj Boo, we first smoothed the rj Boo 
PS to slightly lower resolution (2.2 //Hz FWHM). The 
comb response of this smoothed PS is shown in Fig- 
ure 3. We indeed see a single peak at Av = 40.3 //Hz, 
consistent with the earlier PScgiPS analysis. 

4.2. Significance of the Detection 

The evidence for solar-like oscillations of rj Boo 
consists of a hump of excess power in the PS, and 
an indication from the comb response of regularly- 
spaced peaks within that hump. How significant is 
this evidence? 

We first ask whether one should be able to detect 
genuine oscillations in our data, given the noise level 
and sampling function. We have generated simulated 
time series consisting of artificial signal plus noise, 
each having exactly the same sampling function as the 
observations. The injected signal contained a solar- 
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Fig. 3. — Comb response of the power spectrum of 
rj Boo data. 



like frequency spectrum with a large separation of 
Ai^ = 40.3//Hz. The mode amplitudes were chosen to 
have a broad solar-like envelope. In each simulation, 
the phases of the oscillation modes were chosen at ran- 
dom and the amplitudes were randomized about their 
average values. All these characteristics were chosen 
to imitate as closely as possible the stochastic na- 
ture of oscillations in the Sun. Before calculating the 
power spectrum, we added normally-distributed noise 
to each time series, so as to produce a noise level in 
the PS of 15ppm (consistent with the observed data). 

For simulations with signal having an average max- 
imum amplitude of about 45 ppm, power spectra and 
comb responses very similar to those in Figures 1 
and 3 occur often. This demonstrates that it is possi- 
ble, in data like ours, to detect an oscillation spectrum 
with the characteristics suggested here. In short, we 
see exactly what one would expect to see from genuine 
oscillations. 

A more difficult question is whether the observed 
features could be due solely to noise. Noise sources 
are usually either white (i.e., flat), follow a 1// power 
law, or consist of single frequency. None of these 
could produce the observed hump of excess power in 
the PS of T] Boo. For this reason, it is difficult to 
conduct simulations to assess the performance of the 
comb-response analysis. Producing a hump of excess 
power simply by enhancing a flat noise spectrum with 
a Gaussian envelope failed to reproduce the observed 
distribution of peak heights. A closer match to the 
T] Boo PS could be made by injecting sinusoidal sig- 
nals, in the same way as above, but with random- 
ized frequencies. From these simulations, we could 
assess how likely the comb response was to produce 
a peak, even when there is no deliberate regularity 
in the power spectrum. The result is that the CR 
sometimes contains peaks greater than that seen in 
the T] Boo data (about 20-30% of the time). On the 
basis of this, there is a possibility that the observed 
regularity is a chance effect, but only if we assume an 
unrealistic noise model consisting of power at individ- 
ual frequencies. 

In the analysis so far, we have been treating the 
six-night data set as a whole. We have also examined 
whether the signal is present in subsets of the data. 
When the time series is divided into two sets of three 
nights, the hump of excess power is present in both 
sets. The same is true when the data are taken two 
nights at a time, but to a lesser extent because of the 
lower signal-to-noise. 



4-. 3. Identification of Oscillation Frequencies 

Assuming the 40.3 //Hz regularity to be genuine, we 
now attempt to identify the oscillation frequencies di- 
rectly in the power spectrum. Once again, the strong 
sidelobes of the window function complicate matters 
and we address this problem using a modifled version 
of the CLEAN algorithm (Roberts et al. 1987). The 
modiflcation consists of using the measured regularity 
(40.3 //Hz) to help prevent the algorithm from select- 
ing sidelobes instead of central peaks. The following 
is a brief description of the procedure. 

We flrst identify the strongest peak in the PS in 
the frequency range of interest (700-1000 //Hz) and 
subtract the corresponding sine wave from the time 
series. We then recompute the PS and deflne a new 
search area that is centred a distance 40.3 //Hz from 
the flrst component. The radius of the search area 
is 1.5 //Hz. If this region contains a peak having a 
strength > 25 ppm, we identify this peak as the sec- 
ond CLEAN component, subtract the corresponding 
sine wave from the time series and recompute the 
PS. This process is repeated, moving in multiples 
of 40.3 //Hz, flrst in one direction and then the other. 
Once the whole region of interest (700-1000 //Hz) has 
been covered, the strongest remaining peak is identi- 
fled and the process begins again with a new set of 
search areas separated by 40.3 //Hz. The procedure 
stops when all remaining peaks are below 25 ppm. 
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Fig. 4. — Power spectrum of rj Boo data (upper 
panel), and the power spectrum after CLEANing 
(lower panel). The dashed lines indicate CLEAN 
components that we identify as oscillation modes. 



For improved accuracy, each time a new com- 
ponent is identified, tlie parameters of all previous 
CLEAN components are recalculated. That is, in 
each iteration we return to the original time series 
and fit the frequencies, phases and amplitudes of all 
components simultaneously. The components, having 
been slightly adjusted, are then subtracted from the 
original time series and the PS is calculated, ready for 
the next iteration. 

The result of applying this algorithm to the rj Boo 
data is shown in Figure 4. Of twenty components 
found in the CLEANing process, we identify thirteen 
as possible oscillation modes (the rest are probably 
noise peaks) . A useful way of displaying the mode fre- 
quencies is with an echelle diagram, and this is shown 
in Figure 5. This diagram is similar to that seen for 
the Sun (e.g., Toutain & Frohlich 1992), leading us to 
assign /-values as shown. Three points depart signif- 
icantly from the regular pattern, and may be modes 
that are shifted by the phenomenon of avoided cross- 
ings (Christensen-Dalsgaard et al. 1995). 

The oscillation frequencies (in //Hz) are given in 
Table 1. Uncertainties in the frequencies range from 
0.2 //Hz for the strongest peaks to about 1 //Hz for the 
weakest. The values of n were based on the first-order 
relation Vn^i ~ (n -j- //2 -j- e)Ai^ (Vandakurov 1968), 
which also gives e = 1.18. 

The last row in Table 1 gives the large separation 
for each value oil, defined as Ai^; = i'n+i,i — Vn,i- The 
uncertainties include measurement errors and the de- 
parture of the frequencies from strict regularity. The 
three discrepant modes, marked with asterisks in Ta- 
ble 1, were not used to calculate Ai^i. 
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4.4. Comparison with Theory 

Comparison of oscillation frequencies and ampli- 
tudes with theory requires knowledge of the lumi- 
nosity, temperature and mass of the star. According 
to Bell & Gustafsson (1989) and Blackwell & Lynas- 
Gray (1994), the effective temperature of rj Boo is 
Teff = 6050 ± 60 K and its angular diameter is 2.24 ± 
0.02 mas (milliarcsec). These estimates are based on 
the infrared fiux method; a direct measurement using 
interferometry would be valuable. Using the paral- 
lax of 85.8 ± 2.3 mas (Harrington et al. 1993), it is 
straightforward to calculate the stellar radius and lu- 
minosity: i? = 2.80 ± 0.08 Rq and L = 9.5 ± 0.7 i.0 . 

Estimating the mass requires reference to evolu- 
tionary models. The metallicity is greater than so- 
lar: [Fe/H] ~ 0.19 (Tomkin et al. 1985; Edvardsson 
et al. 1993). Based on published models of metal- 
rich stars (Schaerer et al. 1993; Fagotto et al. 1994; 
Bressan et al. 1993), we estimate a mass for rj Boo of 
M = 1.6±O.2M0. 

To a good approximation, the large separation 
should only depend on the mean density of the star. 
Scaling from the solar case implies Ai^ ~ 36 ± 3 //Hz 
for rj Boo, in reasonable agreement with the obser- 
vations. There are two small separations which re- 
fiect second-order departures from asymptotic theory. 
Their definitions and observed values are: 

= 0.9 ±0.5 //Hz 
and 

Svfyz = l^n + 1,0 — l^n,2 

= 3.1±0.3//Hz. 
Since these separations arise from a second-order term 



Table 1: Oscillation frequencies for rj Boo 



Fig. 5. — Echelle diagram of rj Boo oscillations. 
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proportional to /(/ + 1) (Tassoul 1980), we expect to 
find Si>02 — 3Si>oi, which is indeed the case. The 
actual values of the small separations are sensitive 
to stellar age. Theoretical models by Christensen- 
Dalsgaard (1988) predict Si>02 = 2-4 //Hz for a star 
of this spectral type and luminosity class. Again, 
the agreement with observations is good. To make 
further progress, we are constructing detailed mod- 
els of T] Boo and comparing the calculated oscillation 
frequencies with the values in Table 1 (Christensen- 
Dalsgaard et al. 1995). 

We estimate the average amplitude of the oscil- 
lations, as defined in Section 2., to be ~45ppm. 
This estimate was derived from the distribution of 
peak heights (after allowing for the noise level; see 
KB), and was confirmed in the simulations described 
above. Based on theoretical models, we expect the 
amplitudes of stellar oscillations to scale roughly as 
L/{MTef[) (KB, equations 5 and 6). For rj Boo, this 
implies an amplitude ~5.3 times greater than solar, 
or 35ppm. Thus, the signal we have detected is ap- 
proximately at the expected level. For comparison, 
we note that if the same oscillation signal (45 ppm) 
were observed in radial velocity, it would have an am- 
plitude of 1.6ms~^. Without a larger telescope, such 
a measurement would be very difficult in a star with 
the apparent magnitude of ?y Boo (Brown et al. 1991). 

4-. 5. Solar Data 

During the daytime, we obtained spectra of the 
sky with the aim of detecting the solar oscillations. 
Their expected amplitude (6 ppm in equivalent width) 
is much lower than that of rj Boo, which makes de- 
tection difficult. A compensating factor is the larger 
number of photons available from long-slit observa- 
tions of the sky. 

The solar data were processed in the same manner 
as for T] Boo. The final power spectrum was photon- 
noise limited in the frequency range of the solar oscil- 
lations (around 3 mHz), with a noise level of 5.1 ppm. 
This is indeed lower than for rj Boo, thanks to the 
larger number of photons, but is still too high to al- 
low a clear detection of the solar signal. In particular, 
we found no obvious excess in the power spectrum at 
frequencies near 3 mHz. 

The comb-response method and similar techniques 
are not useful at this low level of signal-to-noise. Nev- 
ertheless, since the frequencies of the solar oscillations 
are well known, we can attempt to verify whether a 



signal is present in our data at the expected level. 
To do this, we have "folded" our solar power spec- 
trum using the known large separation of the Sun 
{Av = 134.9 //Hz; Toutain & FrShlich 1992). That is, 
we averaged together successive segments of length 
Ai^ in the vicinity of 3 mHz. The result is shown in 
Figure 6. We identify four peaks — and their side- 
lobes — corresponding to degrees / = 0, 1, 2 and 3. 
Each of the four peaks in the figure coincides closely 
(within 1.5 //Hz) with the expected position. 

To test the significance of this result, we have again 
made realistic simulations. In each simulation, we 
generated a time series containing signal at the known 
frequencies of the solar oscillations (Libbrecht et al. 
1990), with random phases. The oscillation ampli- 
tudes were set according to the broad envelope that is 
seen in high S/N observations of the Sun. The noise 
level and sampling function of the time series were 
the same as for the actual observations. Ten separate 
simulations were generated, each using a different ran- 
dom number seed for the mode phases and the noise 
source. 

For each simulated time series we calculated the 
power spectrum and the folded power spectrum, in 
the same way as for the real data. The simulated 
power spectra are indistinguishable from the obser- 
vations: all show a fiat noise level with little or no 
excess power around 3 mHz. On the other hand, all 
the folded power spectra show evidence of the injected 
signal, with varying degrees of significance. This vari- 
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Fig. 6. — Folded power spectrum of solar observa- 
tions. We identify four strong peaks corresponding to 
modes with degrees / = 0, 1, 2 and 3. For each, 
we also show the positions of the 1/day sidelobes 
(±11.57//Hz). 



ation arises from the stochastic behaviour of the noise 
and the interaction of modes with different phases. 
Importantly, the positions of the peaks in the folded 
PS vary by a small amount (up to 2 //Hz) over the 
ensemble of ten simulations, consistent with the real 
solar data. 

Note that only two pieces of information about 
the solar oscillations have been used in producing 
the folded PS in Figure 6: the large separation 
(134.9 //Hz) and the approximate frequency of the 
modes (around 3mHz). We injected no information 
about the absolute frequencies, but are able to recover 
them within the uncertainties implied by the simula- 
tions. This is strong evidence that the solar oscilla- 
tions are present in the data and that the equivalent- 
width method is valid. 

5. CONCLUSIONS AND FUTURE PROSPECTS 

We have presented evidence for solar-like oscilla- 
tions in T] Boo that have amplitudes and frequency 
separations in good agreement with theoretical ex- 
pectations. Although we believe this evidence is con- 
vincing, we recognize from the number of previous 
claims in the literature that caution is appropriate. 

One puzzle is the apparent detection of the / = 3 
modes in the Sun, which is surprising given that the 
observations did not resolve the solar disk. Perhaps 
the equivalent widths of Balmer lines contain some 
spatial information, through effects analogous to limb 
darkening or brightening. This clearly deserves study, 
since the ability to measure / = 3 modes in other stars 
would be a significant bonus. Unfortunately, we can- 
not do this with the present rj Boo data, because the 
expected position of the / = 3 modes is close to a 
1/day sidelobe of / = 0. Future multi-site observa- 
tions to provide continuous coverage would be highly 
desirable. 

Turning to F-type subgiants, Procyon (F5 IV, 
V = 0.4) is an obvious target to observe with the 
equivalent- width method. Recent observations of the 
open cluster M67 suggest that oscillations in F stars 
must have amplitudes less than has generally been 
assumed (Gilliland et al. 1993; KB). A detection in 
Procyon would clearly be important. Assuming the 
same instrumental configuration and duty cycle as 
was used for rj Boo, one could reach a noise level in 
six nights on Procyon of 2.5-3 ppm, thanks to the 
fact that it is both brighter than rj Boo and has much 
stronger Balmer lines. Such observations would have 



a sensitivity 2-3 times better than has been previ- 
ously achieved for that star (Brown et al. 1991; KB). 
Observations of main sequence stars are more de- 
manding because of the lower oscillation amplitudes. 
The best target is a Cen A (G2 V, U = 0.0), which 
should have an amplitude in equivalent width of 
~8ppm. As discussed in detail by Brown et al. 
(1994), our accurate knowledge of this star's funda- 
mental parameters means that oscillation measure- 
ments would be particularly valuable for testing stel- 
lar evolutionary theory. 

We would be happy to provide ASCII files of the 
time series and power spectra. Please direct inquiries 
to TRB at beddingSphysics.su.oz.au. 
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